ABSTRACT -The objective of this research was to evaluate the effect of three different intensive silvopastoral systems (ISPS) on cattle animal welfare (AW) in Colombia. The three ISPS differed in area, plant composition, and grazing periods as follows: ISPS1 -low plant diversity in paddocks of 1200 m 2 , with grazing period of 24 h; ISPS2 -middle plant diversity in paddocks of 600 m 2 , with grazing period of 12 h; and ISPS3 -high plant diversity in paddocks of 600 m 2 , with grazing period of 24 h. Animal welfare was assessed using a wide range of criteria, which were integrated using L-spline functions and Choquet integrals to generate overall values. It was found that AW was good in all ISPS; the highest scoring criteria was for food and water, with 99, 97, and 100 points from a maximum of 100 for ISPSs 1, 2, and 3, respectively. Comfort showed values of 100 for all three systems, but good health was the most problematic criteria of the AW features with scores of 25, 40, and 36 for ISPSs 1, 2, and 3, respectively. All three ISPS showed excellent scores for appropriate behavior (82, 88, and 89). The welfare problems shown here were not specific to the individual ISPS, but were common to all livestock systems in the region. Despite the differences in diversity of plants, size of paddocks, and grazing period among the three ISPSs tested, all of them provide cattle with sufficient resources and a diverse environment, ensuring a good state of welfare to them.
Introduction
Animal production systems have focused on the quantity and quality of the products while giving insufficient attention to sustainability, including animal welfare (AW) and moral standards. There is growing concern surrounding the impact of animal production upon the environment, economy, and food security (Steinfeld et al., 2006) . Societal pressure, combined with scientific evidence demonstrating the relationships between AW and competitiveness, biodiversity, and public health, has led to the acceptance of AW as part of sustainability criteria (Broom, 2010) . Animal welfare describes the quality of life of an animal and can be defined as "the state of an individual in relation to its attempts to cope with its environment" (Broom, 1986) . The science of AW seeks evidence of an animal's degree of adaptation and coping with environmental conditions. The evaluation of AW refers to biological measures of the animal as an individual at a given time on a scale ranging from very poor to very good and can be measured quantitatively using many criteria (Broom, 2011) .
Cattle production systems vary widely in Latin America. In tropical countries such as Colombia, most cattle production is based on extensive systems. This has sometimes led to desertification with low levels of production and reproduction efficiency (Steinfeld et al., 2006) . Introducing sustainable production systems, including intensive silvopastoral systems (ISPS), has been a successful alternative Broom et al., 2013. ). An ISPS is a form of agroforestry, integrating high densities of fodder shrubs (5,000 to more than 30,000/ha) such as Leucaena leucocephala or Tithonia diversifolia in association with improved pasture and timber, fruit, or palm trees (50 to more than 500 trees/ha) (Tarazona et al., 2013) . This kind of system is becoming generally accepted by cattle producers because of their economic, environmental, and social benefits, as well as its potential positive effects on animal welfare. Mancera and Galindo (2011) reported that animals in silvopastoral systems were calmer and showed less avoidance of humans than animals on conventional pasture. The objective of this study was to evaluate the status of AW in three different types of ISPS in three regions of Colombia.
Material and Methods
All procedures performed in this study were consistent with the Colombian legislation on animal welfare, meeting the protocol requirements of animal research of the Ethics Committee in Animal Use (Certified CEMED 041) in Medellín, Colombia, and we did not interfere with the animals in the study, since data collection was carried on during usual handling routine for cattle handling procedures. We evaluated three types of ISPS, in which the animals were free to graze the pasture and browse the shrubs, within pre-defined areas (with electric fencing) for periods of 12 or 24 h, having permanent access to water and mineral supplementation.
The ISPSs were located on private farms, differing in area, plant composition, and grazing period (Figure 1 ). The ISPS1, located in Bugalagrande, Valle del Cauca (4°13'17.46" N, 76°08'53.68" W) , in a sub humid tropical forest ecosystem (Holdridge, 1987) , has an altitude of 960 m, an average rainfall of 1050 mm/year, 75% relative humidity, and an average temperature of 24 °C. This ISPS had low plant diversity, with only three species: Leucaena leucocephala, as shrub to browse at a rate of more than 10,000 shrubs/ha, and the grasses Cynodon plectostachyus and Megathyrsus maximus. In this system, groups of 20 Lucerna cattle (Criollo breed of Bos taurus cattle) ranging from 11 to 14 months with an average weight of 289 kg grazed in areas of 1,200 m 2 with rotation every 24 h, conducted between 06:00 and 08:00 h. The ISPS2 is located in Piedras, Tolima (04°29'06.7" N, 74°59'15.4" W), in a tropical dry forest ecosystem (Holdridge, 1987) , with 605 m altitude, an average rainfall of 1350 mm/year, 71% relative humidity, and an average temperature of 26 ºC. This ISPS had more diverse plant community, with five species: Leucaena leucocephala, as shrubs for browsing (greater than 10,000 shrubs/ha), and Cynodon plectostachyus associated with Azadirachta indica, Albizia guachapele, and Tectona grandis as timber; in this system, there were groups of 20 zebu (Bos indicus) males, 24 months of age with an average weight of 357 kg, grazed in areas of 600 m 2 with rotation every 12 h, conducted at 06.00 and 18.00 h. The ISPS3 is located in San Onofre, Sucre (09°51'24.86" N, 75°26'02.44" W), in a tropical dry forest ecosystem (Holdridge, 1987) , with 134 m altitude, an average rainfall of 1,000 mm/year, 83.5% relative humidity, and an average temperature of 27.1 °C. This ISPS had higher plant diversity, with eight species: Leucaena leucocephala and Guazuma ulmifolia, as shrubs for browsing (greater than 8000 shrubs/ha), Cynodon plectostachyus and Megathyrsus maximus as grasses and Tabebuia rosea, Pachira quinata, Cordia gerascanthus, and Acacia mangium as timber; in this system, groups of 16 crossbred zebu males, ranging from 10 to 12 months of age with an average weight of 252 kg, grazed in areas of 600 m 2 with rotation every 24 h, conducted at 10.00 and 11.00 h.
An adaptation of the Welfare Quality protocol (Welfare Quality ® , 2009) was used to assess the welfare of cattle kept under the three types of ISPS studied. Six days were necessary to complete the assessment in each system and it was done by using animal and environmental indicators. The AW indicators were grouped in four major criteria (food and water provision, comfort, health, and behaviour) and, for each major criterion, a range of sub-criteria was defined, as follows:
Food and water provision: the food supply was determined by measuring grazing pressure, considering the available biomass of food, animal weight and density, and the availability of mineral supplementation (Forkman and Keeling, 2009 ). To estimate the available biomass on each ISPS, we used the comparative yield technique (Haydock and Shaw 1975) . Then, the grazing pressure was calculated by the ratio between dry matter requirements of livestock and the quantity of forage available in the paddock at a specific time of grazing (Mott, 1960) . The body condition was scored on a scale of 1 to 9. The quality and quantity of supply of water (L/animal), the size (area and volume) of the water points, the number of drinkers, the number of animals per water point, and the cleanliness of the water points were all evaluated to be sufficient (Forkman and Keeling, 2009 ). Signs of dehydration were assessed in the animals by direct observation based on skin elasticity on thorax and enophthalmia.
Comfort: comfort associated with resting (CR) was evaluated and scored according to the methods described by Cozzi et al. (2010) , including an evaluation of the cattle body dirtiness, assessed in the right side of the animal body, excluding extremities and head. Thermal comfort (TC) was assessed by measuring and recording skin temperature on the back and abdomen of the animal using an Extech DR-42 510 IR laser thermometer. The air temperature and relative humidity were recorded in each ISPS during all AW assessment days (Table 1) . Respiratory rate was evaluated by observing the abdomen posterior to the last rib. Ease of movement (EM) was evaluated by the space available to the animals (animals/area).
Health: presence or absence of injuries was assessed by recording any difficulty in walking, when animals were in motion, by recording when limping was present, regardless of its intensity. Integument alterations were also recorded, including the number of hairless patches and lesions or swellings (Busato et al., 2000 120 min and the presence of nasal and ocular discharges; breathing difficulties (defined as deep and overtly difficult or laboured breathing accompanied by sound); and the presence or absence of diarrhoea. A count of the total number of flies and ticks on the back of the animal was also recorded. Pain was assessed by questions posed to the farmers on how to perform surgical procedures, if they use analgesics and anaesthetics, and also the type of procedure used in castrating and dehorning (Forkman and Keeling, 2009) . Behaviour: agonistic and cohesive behaviours (Forkman and Keeling, 2009) , plus grazing, browsing, grooming, scratching, and leaning against the shrubs behavioural categories were observed. Human-animal relationship was measured as avoidance distance (Waiblinger et al., 2006) . The emotional state of the animals was assessed by Qualitative Behaviour Assessment (QBA) as described by Rousing and Wemelsfelder (2006) , which is a method that has been employed to evaluate animal welfare (Wemelsfelder et al., 2000) . The QBA was sampled by using an analogue scale that includes 19 terms (active, relaxed, apathetic, calm, content, scared, enjoying, indifferent, frustrated, friendly, annoyed, positively occupied, curious, irritable, nervous, attentive, sociable, happy, and distressed).
The evaluation of each major criterion to know the cattle welfare in each ISPS was based on a hierarchical structure, which allowed the sub-criteria to be grouped into indices. The score for each sub-criterion was derived from different analytical methods depending on the characteristic and its component indicators, as follows:
Indicators such as water supply, surgical procedures, castration, dehorning, and hot branding were assessed from records at the farm level and expressed in a limited number of categories. Decision trees were implemented; depending upon a series of "yes or no questions", the end result of each branch corresponded to a score of 0 to 100 (Welfare Quality ® , 2009). Body condition, comfort associated with resting, thermal comfort, and ease of movement were evaluated from variables rated individually on a severity scale, followed by calculation of the proportion of animals with the corresponding problem. In this case, a weighted sum was obtained by assigning a weight to each level of severity followed by calculation of the index (Table 2) . The index was then converted into a score using an L-spline function, which allows data interpolation in several dimensions, minimizing the variability generated by differences in the data. Measures used to assess the space, integument alterations, and absence of disease yielded data expressed as different measures relative to an alarm threshold (Table 2) , which represented a threshold of acceptance or unacceptance. We calculated the number of alarms and warnings, upon which a weighted sum, which had been transformed into a score using an L-spline function, was based (Table 2) . Emotional state considered the frequency of the behaviours described above and the ability to graze freely; calculations resulted in a proportion of behaviours transformed into an index using an L-spline function ( Table 2) .
The following 19 terms were used to describe the emotional state of the animal relating to QBA. Because each term carried a different weight, the result was calculated by multiplying the visual record of the assessors by the corresponding weights for each term, which then yielded a weighted sum (Table 2) After calculating the indices for each sub-criterion, they were integrated for each criterion (Table 2) . Since the criteria weigh differently for the final value of AW, measurement blocks were compiled using Choquet integrals whose reference parameters (μ values) were: μ 1 0.08; μ 2 0. (Forkman and Keeling, 2009) . The rating of the principles was presented on a categorical scale considering the following values: excellent (80-100), good (60-80), fair (20-60), and not qualified (0-20). Finally, AW level was stated for each principle and given an overall value for each production system: excellent (E), if more than 55 points in all principles and if at least two of them have more than 80 points; good (G), if more than 20 points in all principles and more than 55 in two of them; and acceptable (A), if more than 10 points in all principles and more than 20 in two of them.
Results
The AW indicators were similar among the three ISPS for food, comfort, and behaviour and were at a satisfactory standard. However, some of the indicators for health were low (Table 3) .
It was found that the food needs of the animals were met without evidence of malnutrition or dehydration in any of the three ISPS. Food supply was sufficient and allowed the animals to select their diets, resulting in BS between 6.5 and 7.0, considered very good for grazing animals without supplementation with concentrate feed. In relation to comfort, it was found that cleanliness was optimal for all animals in the three ISPS. There was no evidence of thermal stress and respiratory rates were normal. The space provided was 37.5 to 60 m 2 /animal. In relation to health, the animals from all ISPS faced problems with induced pain, resulting from castration, dehorning, and hot branding practices, which were carried out without using anaesthesia or analgesia. Signs of diseases and injuries were also observed (Table 3) . For the criterion of appropriate behaviour, it was found that the three ISPS allowed the animals to express social and other behaviours and we did not observe any evidence of competitive situations that led to intense agonistic behaviours; thus, the three ISPS obtained the highest score (100 points) for this sub-criterion. There was a good human-animal relationship, as indicated by the short animal avoidance distance and the good scores for emotional status of most animals in all ISPS (Table 3) .
The integrated indices of the indicators showed that all ISPS met satisfactory conditions for most of the subcriteria, among them: free of prolonged hunger and thirst, comfort for resting, thermal comfort, easy of movement, expressions of social and other behaviours, human-animal relationship, and emotional status (Table 4) . The ISPS1 had a lower rate within the injuries sub-criterion. The disease sub-criterion was highly variable among the assessed ISPS, with scores of 100, 81, and 54.6 for ISPS 1, 2, and 3, respectively. The sub-criterion with the fewest points was induced pain, which had score of 0 for all ISPS.
According to the classification system used, all systems were classified as good animal welfare (Table 5) .
Discussion
Some previous studies, carried out in different scenarios, have used the Welfare Quality protocol to assess welfare of cattle and other farm species (Dalmau et al., 2009; Temple et al., 2011; Kirchner et al., 2014) . Nevertheless, to our knowledge, this is the first scientific study reporting in detail the cattle welfare status in different ISPS using this methodology. It was found that the welfare was good, except for health problems common to the region, in all three ISPS evaluated. Food and water had high scores of 99, 100, and 97 for ISPS 1, 2, and 3, respectively. The various measures of comfort had values of 100 for all three systems. Health had the lowest scores with 40, 36, and 25, for ISPS 1, 2, and 3, respectively. The scores of behaviour indicators were excellent in all systems: 88, 89, and 82 for ISPS 1, 2, and 3, respectively.
The contribution of food and water variables on the welfare was high in all ISPS evaluated (98.8) and all animals had a body condition score between 6.5 and 7. This is a good indicator of AW, because it shows the degree to which the animals' food needs are being met, reflecting body fat content and body reserves and is related to the maintenance of health. The grazing pressure was between 6.9 and 9.2 kg dry matter (DM)/100 kg body weight, which shows an adequate supply of food necessary to meet the nutritional needs. The forage available for consumption is an advantage in the ISPS and it can produce between 3.5 and 5.0 t DM/ha with degradability greater than 63% (BarrosRodríguez et al., 2012) and animals can obtain more than 75% of the available biomass (Bacab-Pérez and SolorioSánchez, 2011). The composition of the diet influences how the animal meets its needs. Approximately 12.8 g N/kg DM of the diet of the animal is required to ensure proper functioning of the rumen and forage-based diets with low N (like most tropical grasses) are not sufficient and, therefore, require N supplementation to compensate this deficiency. All ISPS had a forage composition that included L. leucocephala, which contained between 25 and 35 g N/kg DM (Barros-Rodríguez et al., 2012) , and the feed mixture contained between 24 and 28 g N/kg DM. Leucaena is considered a protein supplement with more than 16 g N/kg DM (CSIRO, 2007) . Absence of thirst had scores of 100, 100, and 80 for ISPS 1, 2, and 3, respectively, and no clinical signs of dehydration were observed. Despite the importance of water in AW, there are few studies on water intake in grazing beef cattle. This is primarily due to the fact that most work has been carried out in confinement systems and secondly, water, as a resource, has been considered readily available at a low cost for production systems (Brew et al., 2011) . However, efficient water use is currently a subject of environmental concern, especially in areas where water is scarce. Water intake is related to DM intake and 10 L/water/kg of DM consumed have been suggested for Bos indicus (CSIRO, 2007) . Fresh forage consumed by the animals in the ISPS contains 75 to 80% water; thus, each kg of DM consumed by the animal contains about 7.85 L of the water required by the animals. The microclimate of the ISPS promotes water retention in the system; relative humidity can be up to 14% higher, since the loss of water by evaporation can be 1.5 mm/day lower when compared with a pasture without trees (Rueda et al., 2011) .
It is known that lying is a high priority behaviour and cattle primarily rest and ruminate while lying (Munksgaard and Simonsen, 1996) . In this study, it was observed that ruminating and resting areas are not fixed because the animals occupy a different area every day within the rotational management system. In spite of this, the results showed that animals in the ISPS have enough space to move freely and voluntarily choose resting areas (60 m 2 /animal in ISPS1 and ISPS2 and 37.5 m 2 /animal in ISPS3). The comfort indicator around resting in all the ISPS was 99.9, which indicates a favourable environment for resting.
As regards thermal comfort, heat stress is one of the main factors negatively influencing production in tropical livestock systems. As reported by Blackshaw and Blackshaw (1994) in a review paper, the heat threshold for cattle is 30 °C with relative humidity below 80%, and 27 °C with a relative humidity close to 80%. Temperatures above these thresholds would have implications for the welfare and health of the animal and therefore affect productive performance (Gaughan et al., 2009 ). There is evidence that shrubs present in ISPS affect the microclimate of the systems, favouring the avoidance of heat stress, as described by Ceballos et al. (2011) . These authors suggested that the lower plant stratum in the system favours the processes of heat exchange between the animal and the system, allowing heat dissipation and promoting thermal comfort, possibly because the vegetation retains more moisture and provides lower temperatures than the top tier. Temperature within ISPS is significantly reduced (differences up to 13 °C between the maximum and minimum), while relative humidity is increased (between 10 and 20%). This could, theoretically, be a disadvantage to the animal in terms of heat loss via evaporation of sweat, but it depends on the moisture content in the air, being critical when the air reaches saturation. We did not find any study addressing this subject on ISPS and further studies are required. In this study, the thermal comfort index for the three ISPS was 100, indicating the absence of heat stress. This result is important because it affects the mechanisms of temperature regulation in cattle. Similar results were found by Sousa et al. (2007) , who evaluated a silvopastoral system in Brazil and reported that it was 3 and 4 °C cooler in the shade, resulting in improved production indicators. Moreover, Sousa et al. (2010) indicated that the microclimatic conditions in silvopastoral system favouring thermal comfort increased feed intake. Respiratory rates were within normal ranges (between 48.6 and 72.6/min).
In ISPS, animals have no individual movement restriction because grazing occurs in groups with sufficient area to maintain individual voluntary distance with other animals; maintaining a proper social distance between animals reduces the risk of social stress (Paranhos da Costa and Silva, 2007) . In this study, the three ISPS achieved a score of 100 for ease of movement. This result suggests that animals in ISPS have sufficient space to move freely and shrub density in the system does not impede movement, unlike confinement systems where animals can have serious welfare problems when allotted in less than 2 m 2 (Fisher et al., 1997) . In the ISPS, this indicator showed the highest score, since it is allowed between 10 and 20 times the minimum required space per animal. Moreover, there was no competition for shade, once this was sufficient for all animals at all times.
In the three ISPS evaluated in this study, there was a score of 99.9 in the three cases for the cleanliness indicator. This has positive implications for welfare because, as reported by Leach et al. (2009) , cleanliness reflects the quality of animal care and housing and is related to health issues such as dermatitis, mastitis, and lameness. Due to the daily rotation of grazing areas in the ISPS, the risk of lying in areas contaminated with faeces or urine is drastically reduced and the vegetative cover prevents the accumulation of mud and water; hence, the animals easily remain clean. The results are also explained by the possibility that repeated contact with shrubs scratches against the animals, preventing formation of plaques and dirt.
The ISPS2 scored excellent (91.2), while ISPS1 (76.4) and ISPS3 (61.4) were good, regarding absence of injuries. Injuries have been evaluated in housing systems where most of integument alterations are due to repeated collisions with building infrastructure, equipment, or other animals. Such injuries are common in the extremities, neck, hips, and flank (Busato et al., 2000) . In all the ISPS, animals spend most of their time in pastoral areas. There is no evidence suggesting that shrubs represent a potential risk of collision or injury. The results of ISPS1 and ISPS3 could be due to management problems in pens, during transport, or as a consequence of previous parasitism, which were not evaluated here, but could constitute common welfare problems associated with all cattle production systems in the tropics.
Lameness was absent in all of the ISPS. In the context of cattle welfare assessment, lesion in the integument (skin, hair, hooves, and horns) has substantial importance and can indicate infrastructure problems regarding animal management (Schulze et al., 2009) . It is possible that soil type (Cook and Nordlund, 2009 ) and poor access to grazing areas (Dippel et al., 2009 ) are associated with lameness. In ISPS, animals are constantly grazing and soil characteristics can reduce this risk, because the vegetation generates softer ground and prevents flooding, reducing the amount of moisture on the ground. Both ISPS1 (100) and ISPS2 (81) had an excellent level of welfare associated with the absence of disease, while ISPS3 had a good level (54.6); this decrease, when compared with the other two systems, was explained by the presence of coughing in some animals, possibly due to rainy weather during the sampling period. All three systems showed low levels in the total number of ectoparasites (flies/ticks); averages were 1/6 for ISPS1, 9/0 for ISPS2, and 0/5 for ISPS3. It has been shown that ISPS contribute to the reduction of parasites and disease vectors (Giraldo et al., 2011) , while unwooded, open grazing systems favour the development of parasitic organisms. Giraldo et al. (2011) found that ISPS exhibit significant natural regulation of horn flies (Haematobia irritans), reporting the presence of different groups of organisms associated with manure peat degradation that are involved in the biological control of flies.
The score of induced pain for all three systems was 0 due to the absence of anaesthesia and analgesia during procedures such as castration, dehorning, and hot branding. These practices are common in almost all beef production systems in Colombia and the rest of Latin America (Mota et al., 2016) ; therefore, it is not inherent to ISPS, but a result of widespread poor management practices.
Behaviour measures have become an integral part of AW assessment. Social stress due to faulty production system management can negatively influence the quality of meat, weight gain (Stookey and Gonyou, 1994) , and reproduction (Dobson et al., 2001 ) and inadequate humananimal relationships can also adversely affect the farm animal productivity (Hemsworth and Coleman, 2011) .
With a score of 100 for expressing social behaviour, good welfare was found in all three ISPS; agonistic behaviours were not a problem. This is a very good result, since cattle are social animals and the company of their own species is vital (Paranhos da Costa and Silva, 2007) . The ISPS evaluated in this study provided enough resources to avoid competition, preventing agonistic behaviour. Notably, the animals expressed cohesive behaviours. There was no evidence of welfare problems caused by social hierarchies or agonistic behaviours, possibly because the groups were small enough to allow social structure to be maintained.
The three assessed ISPS allowed the expression of other behaviours and, thus, have the highest welfare qualification (100). Grazing behaviour is important for animals (Manteca et al., 2008) ; in the ISPS, animals can express a wide range of behaviours including those unique to this system, such as scratching against shrubs. In other systems, such as confinement or extensive systems without trees, they cannot perform these behaviours.
The avoidance distance average (1.6, 1.2, and 1.3 m for ISPS 1, 2, and 3, respectively) show a good human-animal relationship, reflected in the final score (94.97, 96.58, and 98.18) . The handling within the ISPS involves constant contact between humans and animals, since the fences are modified daily, so the animals grow accustomed to seeing humans. This may represent an opportunity for animals to be conditioned with positive reinforcement, since the humans often drive the animals from an area with low availability of forage to another area with a better source of feed, making it easy to muster cattle every 12 or 24 h. Comparable results were reported by Ceballos et al. (2016) and Góis et al. (2016) , indicating that cattle subjected to a positive and constant contact with humans, when kept under a rotational stocking method, reduced fear toward humans and their reactivity over time.
This good relationship between animals and humans is not only related with the animal docility, but also to occupational safety. Less reactive animals are also less aggressive. It is well known that good human-animal relationship has a positive effect on welfare and productivity (Waiblinger et al., 2006, Hemsworth and Coleman, 2011) . There are no reports on the evaluation of avoidance distance in this type of system; however, assessing human-animal relationship in other systems has proven reliable.
Although throughout the past 20 years the proclamation of sentience has increased, paradoxically, we do not yet understand the emotional experiences of animals; hence, the term "animal emotions" is often considered unscientific and anthropocentric (Boissy et al., 2007) . However, in recent years, several authors have compiled scientific evidence on the importance of emotions in the quality of life and AW. In this study, ISPS3 showed a good result (71) and ISPS1 (83) and ISPS2 (84) showed excellent results, supporting the hypothesis that in ISPS animals have more positive than negative emotional experiences, possibly because they have sufficient resources and can express different individual and social behaviours. It is known that social behaviours improve resilience (Špinka, 2012) . Several features of the ISPS explain the emotional status expressed by animals; it could be said that ISPS offer natural environmental enrichment; conversely, rotational handling exerts a potentially positive anticipation, as described by Boissy et al. (2007) .
Conclusions
Despite the differences in diversity of plants, size of paddocks, and grazing period among the three ISPSs tested, all of them provide cattle with sufficient resources and a diverse environment, ensuring a good state of welfare to them. However, pain and other poor welfare during castration, dehorning and hot-iron branding are still a problem. The first two could be reduced using anaesthesia and analgesia and hot-iron branding could be replaced by less painful marking methods. Intensive silvopastoral systems are beneficial to cattle welfare, good for livestock farmers, and of value for sustainable cattle production in many parts of the world.
